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(54) An electric power steering system 

(57) In an electric power steering system, a second 
bevel gear (4) Is allowed to move toward a Jirst bevel 
gear (2) and Is biased by a biasing member toward the 
first bevel gear (2) thereby to be moved toward the first 
bevel gear (2) as following the wearing away of these 
bevel gears. 

In an electric power steering system , a support shaft 
(1) formed with the first bevel gear (2) at its distaJ end 
is rotatably supported by a retaining member (8), which 
Is mounted to a support-shaft housing (H1) as allowed 
to move axially of the support shaft. The retaining mem- 
ber (B) is adjusted for its position relative to the support- 
shaft housing (H1) with respect to the axial direction of 



the support shaft by means of a retaining member ad- 
juster (118,110,110). The first bevel gear (2) la moved 
toward the second bevel gear as following the wearing 
away of these bevel gears. 

In an electric power steering system, the support 
shaft (1) formed with the first bevel gear (2) at its distal 
end is allowed to move toward the second bevel gear 
(4) and is biased by a biasing member toward the sec- 
ond bevel gear (4), so that the first bevel gear Is moved 
toward the second bevel gear according to the wearing 
away of these bevel gears. 
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Description 

BACKGROUND OP THE INVENTION 

[0001] The present Invention relates to an electric 
power steering system for obtaining a steering assist 
force for vehicle by means of an electric motor. 
[0002] Heretofore, there has been proposed the elec- 
tric power steering system arranged as follows (see, for 
example, Japanese Unexamined Patent Publication 
No.2000-1 90855). Rotation of the electric motor is 
transmitted to a rotary element enclosing a rack shaft 
by means of a first bevel gear connected with an output 
shaft of the motor via a support shaft, and a second bev- 
el gear meshed with the first bevel gear with their axes 
intersecting each other Rotary motion of the rotary ele- 
ment is converted into linear motion of the rack shaft by 
means of a ball screw interposed between the rotary el- 
ement and the rack shaft. The electric motor is driven 
into rotation I n response to the rotation of a handle there- 
by supplying a steering assist force to a manual steering 
force for steering steerable road wheels coupled with 
the rack shaft 

[0003] Unfortunately, however, the conventional elec- 
tric power steering system may sometimes encounter 
backlash at a meshing . engagement area between the 
first and second bevel gears due to working precisions 
or assembly precisions of the first and second bevel 
gears. The backlash causes so-called rattling noises 
when a steering wheel is manipulated. The rattling nois- 
es may be conveyed to a passenger compartment to 
discomfort a vehicle operator and passenger. . 
[0004] Hence, there has been proposed an electric 
power steering system directed to the prevention of the 
backlash as follows. The electric motor is adapted for 
eccentric movement relative to a housing of the steering 
system'. The eccentric movement of the electric motor 
provides adjustment of the position of the first bevel gear 
relative to the second bevel gear during the assembly 
of the system, thereby preventing the backlash (see, for 
example, Japanese Unexamined Patent Publication 
No.2000-1 90855). 

[0005] However, it is quite difficult to avoid the back- 
lash no matter how the adjustment is made during the 
assembly of the system as a countermeasure against 
the backlash, because tooth flanks of the bevel gear pair 
wear away from long-term use. Hence, there exists a 
need for cumbersome maintenance which includes pe- 
riodical disassembly of the electric power steering sys^ 
tern for backlash adjustment and the like, 
[0008] As another countermeasure against the back- 
lash, there Is a common practice to Interpose a shim be- 
tween opposite surfaces of a support-shaft housing ac- 
commodating the support shaft and the first bevel gear 
and the electric motor In end-to-end relation such that 
the support shaft and first bevel gear may be axially 
moved in unison with the output shaft of the electric mo- 
tor thereby adjusting the degree of meshing engage- 



ment between the first bevel gear and the second bevel 
gear. 

[0007] In the above operation for backlash adjust- 
ment however, the'ehlmmlng must be usually repeated 

5 over and over again because a proper meshing engage- 
ment between these bevel gears cannot be achieved by 
a single shimming. Furthermore, each shimming in- 
volves disassembling the electric motor from the sup- 
port-shaft housing and assembling the electric motor 

to thereto. This makes thebacklash adjustment complicate 
ed and cumbersome. Inthis approach, as well, the tooth 
flanks of these bevel gears wear away from long-term 
use of the system and hence : the occurrence of back- 
lash is inevitable. 

is [0008] In addition, if the shimming involves a more 
than necessary amount of movement of the first bevel 
gear relative to the second bevel gear, a meshing en- 
gagement point between these bevel gears Is shifted far 
away from a predetermined meshing engagement point. 

20 This results In the decrease of power transmission effi- 
ciency between these bevel gears. 
[0009] There Is another problem that the rotation of 
the support shaft entails vibrations, which propagate, 
through a bearing to the support-shaft housing to pro- 

23 dues noises. 

OBJECT OF THE INVENTION 

[0010] It is an object of the invention to provide an 
30 electric power steering system capable of preventing 
the backlash over an extended period of time. 
[0011] It Is another object of the invention to provide 
an electric power steering system adapted to facilitate 
the backlash adjustment. 
as [0012] It is still another abject of the Invention to pro- 
vide an electric power steering system adapted to pre- 
vent the backlash adjustment from entailing a significant 
displacement of the meshing engagement point be- 
tween the first and second bevel gears. 
40 [0013] It is yet another object of the invention to pro- 
vide an electric power steering system essentially obvi- 
ating the necessity for the backlash adjustment. 
[001 4] It is yet another object of the invention to pro- 
vide an electric power steering system designed to sup- 
45 press noises caused by the vibrations of the support 
shaft. 



SUMMARY OF THE INVENTION 

so [001 5] An electric power steering system according to 
a first aspect of the invention comprises: a first bevel 
gear driven into rotation by an electric motor; a second 
bevel gear meshed with the first bevel gear with their 
axes intersecting each other and allowed to move to- 
ss ward the first bevel gear: a biasing member for biasing 
the second bevel gear toward the first bevel gear; a rack 
shaft linearly moved thereby steering steerable road 
wheels; a rotary element rotatabry supported by a rack 



2 



KOHNO 



Fax:06-6944-4433 



2006* 6E21B0*) 9:40 P. 21/48 



EP 1 225 117 A1 



housing via a rolling bearing as enclosing the rack shaft 
and operating to transmit the rotation of the electric mo- 
tor via the first bevel gear and the second bevel gear; 
and a power conversion mechanism formed between 
the rotary element and the rack shaft for converting the 
rotary motion of the rotary element to the linear motion 
of the rack shaft. 

[0016] According to the electric power steering sys- 
tem of the above construction, even if the bevel gears 
wear away from long-term use, the second bevel gear 
Is biased by the biasing member into movement toward 
the first bevel gearae following the wearing away of the 
gears. This leads to the prevention of the backlash at 
the meshing engagement area between these bevel 
gears. Thus, the system does not require the mainte- 
nance for preventing the rattling noises and ensures 
over an extended period oftime that the vehicle operator 
and passenger are not discomforted by the rattling nois- 
es. 

[0017] - The electric power steering system may pref- 
erably be arranged such that the biasing member is in- 
terposed between an outer lateral surface of an outer 
ring of the rolling bearing and a biasing member seat of 
the housing opposite from the outer lateral surface, 
thereby moving the second bevel gear toward the first 
bevel gear In conjunction with the rotary element. 
[0018] In this case, the biasing member biases the 
outer ring of the roiling bearing thereby applying a bias- 
ing force to the second bevel gear via the rotary element 
and moving the second bevel gear toward the first bevel 
gear in conjunction with the rotary element. This obvi- 
ates the necessity for a bearing for permitting relative 
rotation between the biasing member and the rotary el- 
ement so that the structure of the system Is simplified. 
In this mode, It is preferred that the rack housing com- 
prises a first housing for supporting one end of the rotary 
element as allowing for the relative axial movement 
thereof, and a second housing for supporting the other 
end of the rotary element as inhibiting the relatfre axial 
movement thereof, and that a housing adjuster provides 
for adjustment of the relative axial positions of the first 
housing and the second housing with respect to the rack 
shaft. In this mode, the housing adjuster provides the 
adjustment of the relative axial positions of the first and 
second housings, thereby providing adjustment of a gap 
between the outer lateral surface of the outer ring of the 
rolling bearing and the biasing memberseat of the hous- 
ing opposite from the outer lateral surface of the outer 
ring. The gap adjustment provides for adjustment of the 
biasing force on the second bevel gear applied by the 
biasing member. Thus, the backlash adjustment is facil- 
itated, 

[001 9] An electric power steering system according to 
a second aspect of the invention comprises: a support 
shaft integrally rotatabiy connected with an output shaft 
of an electric motor; a first beve! gear provided at a distal 
end of the support shaft; a support-shaft housing ac- 
commodating the support shaft and the first bevel gear; 



a rack' shaft linearly moved thereby steering steerable 
road wheels; a rack housing for supporting the rack shaft 
as allowing for the linear movement thereof; a second 
bevel gear meshed with the first beve! gear with their 

s axes intersecting each other; a rotary element rotatabiy 
supported by the rack housing as enclosing the rack 
■ shaft and operating to transmit the rotation of the electric 
motor via the first bevel gear and the second bevel gear; 
a power conversion mechanism formed between the ro- 

1Q tary element and the rack shaft for converting the rotary 
motion of the rotary element to the linear motion of the 
rack shaft; a retaining member mounted to the support- 
shaft housing as allowed to move axiaily of the support 
shaft for rotatabiy retaining the support shaft via a bear- 

15 ing; and a retaining member adjuster for adjustment of 
the position of the retaining member relative to the sup- 
port-shaft housing with respect to an axial direction of 
the support shaft. 

[0020] According to the electric power steering sys- 
20 tern of the second aspect hereof, the retaining member 
adjuster provides the adjustment of the position of the 
retaining member relative to the support-shaft housing 
with respect to the axial direction of the support shaft, 
thereby providing the axial movement of the first bevel 
23 gear along with the support shaft. Thus, the backlash 
adjustment for the first and second bevel gears can be 
done without performing the conventional shimming. As 
a result, the backlash adjustment is accomplished easily 
and quickly. 

so [0021] The electric power steering system of the sec- 
ond aspect hereof may be arranged such that a proximal 
end portion of the support shaft is retained by the retain- 
ing member via the bearing, whereas a distal end por- 
tion of the support shaft is retained In a manner to be 

as movable toward the second bevel gear and Is biased 
toward the second bevel gear by a biasing member. 
[0022] in this case, even If the bevel gears wear away 
from long-term use, the first bevel gear is biased by the 
biasing member into movement toward the second bev- 

40 el gear as following the wearing away of the bevel gears. 
Hence, the wearing away of the bevel gears Is prevent- 
ed from causing the backlash at the meshing engage- 
ment area therebetween. Thus, the system does not re- 
quire the maintenance for preventing the rattling noises, 

45 ensuring over an extended period of time that the vehi- 
cle operator and passenger are not discomforted by the 
rattling noises. In this mode, the system may further 
comprise a joint for pivotally connecting the proximal 
end portion of the support shaft with the output shaft of 

so the etectric motor. This mode is more effective to prevent 
the backlash because the joint allows for a smooth 
movement of the first bevel geartoward the second bev- 
el gear, 

[0023] The electric power steering system of the sec- 
33 ond aspect hereof may preferably be arranged such that 
the rack housing comprises a first housing for support- 
ing one end of the rotary element as allowing for the rel- 
ative axial movement thereof, and a second housing for 
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supporting the other end of the rotary element as Inhib- 
iting the relative axial movement thereof, and that a 
housing adjuster provides for adjustment of the- relative 
axial positions of the first housing and the second nous- 
ing with respect to the rack shaft. 
[0024] In this case, the housing adjuster provides the 
adjustment of the relative axial positions of the first and 
second housings with respect to the rack shaft, thereby 
providing the axial movement of tha rotary element 
along with the second bevel gear with respectto the rack 
shaft for accomplishing adjustment of a meshing en- 
gagement point between these bevel gears. Thus is pre- 
vented the decrease in power transmission efficiency 
between these bevel gears. 

[0026] An electric power steering system according to 
a third aspect of the invention comprises: a support shaft 
Integrally rotatably connected with an output shaft of an 
electric motor, a first bevel gear provided at a distal end 
of the support shaft; a second bevel gear meshed with 
the first bevel gear with their axes Intersecting each oth- 
er; a rack shaft linearly moved thereby steering steera* 
ble road wheels; a rotary element rotatably supported 
by the rack housing as enclosing the rack shaft and op- 
erating to transmit the rotation Df the electric motor via 
the first bevel gear and the second bevel gear; and a 
power conversion mecrianlsm formed between the ro- 
tary element and the rack shaftfor converting the rotary 
motion of the rotary element to the linear motion of the 
rack shaft; wherein the support shaft Is allowed to move 
toward the second bevel gear and is biased toward the 
eecond bevel gear by a biasing member. 
[0026] According to the electric power steering sys- 
tem of the third aspect hereof, the first bevel gear can 
be pressed against the second bevel gear because the 
support shaft is movable toward the second bevel gear 
and is biased toward ttie second bevel gear by the bi- 
asing member. This essentially negates the need for the 
backlash adjustment In the system assembly proce- 
dure. Even If the bevel gears wear away from long-term 
use, the first bevel gear is biased by the biasing member 
Into movement toward the second bevel gear as follow- 
ing the wearing away of the bevel gears. This leads to 
the prevention of the backlash at the meshing engage- 
ment area between these bevel gears. Thus, the system 
does not require the maintenance for preventing the rat- 
tling noises, ensuring over an extended period of time 
that the vehicle operator and passenger are not discom- 
forted by the rattling noises. 

[0027] The electric power steering system of the third 
aspect hereof may preferably be arranged such that the 
biasing member is interposed between the support shaft 
and the output shaft of the electric motor. This facilitates 
the mounting of the biasing member, 
[002S] The electric power steering system of the third 
aspect hereof may preferably be arranged such that an 
elastically deformable buffer member is interposed be- 
tween the support shaft and a support-shaft housing 
supporting the support shaft, in this case, the buffer 
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member is capable of absorbing vibrations caused by 
the rotation of the support shaft, thus suppressing nois- 
es attributable to the vibrations. 
[0029] The electric power steering system of the third 

5 aspect hereof may preferably be arranged such that the 
rack housing comprises a first housing for supporting 
one end of the rotary element as allowing for the relative 
axial movement thereof, and a second housing for sup- 
porting the other end of ths rotary element as inhibiting 

jo the relative axial movement thereof, and that a housing 
adjuster provides for adjustment of the relative axial po- 
sitions of the first housing and the second housing with 
respect to the rack shaft. 

[0030J In this case, the housing adjuster provides the 
15 adjustment of the relative axial positions of the first and 
second housings with respectto the rack shaft, thereby 
providing the axial movement of the rotary element 
along with the second bevel gear with respectto the rack 
shaft for accomplishing adjustment of a meshing en- 
so gagement point between these bevel gears. Thus is pre- 
vented the decrease in power transmission efficiency 
between these bevel gears. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 

[0031] 

Fig,1 is a sectional view showing an electric power 
steering system according to a first aspect of the 
so Invention. 

Flg.2 is an enlarged sectional view showing an es- 
sential part of Fig,V 

Flg,3 is an enlarged sectional view showing an es- 
sential part of a biasing member. 
35 Flg,4 is a sectional view showing an electric power 
steering system according to a second aspect of the 
invention. 

Flg.5 is an enlarged sectional view showing an es- 
sential part of Flg.4. 
40 Fig.6 is an enlarged sectional view showing an es- 
sential part of another embodiment. 
Flg.7 is a sectional view showing an electric power 
steering system according to a third aspect of the - 
Invention. 

45 Fig,8 is an enlarged sectional view showing an es- 
sential part of Fig.7. 

Fig.9 is an enlarged sectional view showing an es- 
sential part of Fig.8. 

Fig. 10 Is an enlarged sectional view showing a 
50 structure for mou nting a support shaft. 

Fig. 11 Is an enlarged sectional view showing an es- 
sential part of soft metal. 

DETAILED DESCRIPTION OF THE PREFERRED 
55 EMBODIMENTS 

[0032] The invention will hereinbelow be described 
with reference to the accompanying drawings lllustrat- 
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Ing the preferred embodiments thereof. 
[0033] Fig. 1 is a sectional view showing one example 
of an electric power steering system according to a first 
aspect of the invention. The power steering system es- 
sentially includes an elongate housing H, an electric mo- 9 
tor M mounted to the housing H, a support shaft 1 driven 
Into rotation by the electric motor M, a first bevel gear 2 
integrally formed at a distal end of the support shaft 1 , 
a rack shaft 3 extended through the housing H and lin- 
early moved to steer un Illustrated steerable road 
wheels , a second bevel gear 4 meshed with the first bev- 
el gear 2, a rotary element 5 rotatably supported by the 
housing H as enclosing the rack shaft 3. a ball screw 6 
forming a power conversion mechanism between there- 
tary element 5 and the rack shaft 3, a biasing member 
7 (see Rg.2) for biasing the second bevel gear4toward 
the first bevel gear 2, and a rack and pinion mechanism 
9 for converting the rotation of a handle to a linear motion 
of the rack shaft 3. 

[0034] The housing H includes a support-shaft hous- 
ing H1 mounting the electric motor M and accommodat- 
ing the support 9haft 1 , and a rack housing H2 accom- 
modating the rack shaft 3 and the rotary element 5. The 
rack housing H2 is divided Into a first housing H2a for 
supporting a right end of the rotary element 5 as seen 
in the figure, and a second housing H2b for supporting 
a left end of the rotary element 5 as seen In the figure. 
[QQ35] Also referring to Rg.2, the first housing H2a 
and the second housing H2b are coupled with each oth- 
er by means of a housing adjuster 10 in a manner to be 
adjusted for the relative axial positions thereof. The 
housing adjuster 10 Includes an internal thread 10a 
formed on an inner periphery at a left end of the first 
housing H2a, an external thread 1 0b formed on an outer 
periphery at a right end of the second housing H2b and 
screwed in the internal thread 10a, and a lock nut 10c 
screwed on the external thread 10b. The relative axial 
positions of the first housing H2a and the second hous- 
ing H2b may be adjusted by adjusting the depth in which 
the external thread 10b is screwed in the internal thread 
10a. With the relative axial positions of these housings 
thus adjusted, the lock nut 1 0c maybe tightened so as 
to prevent the relative axiai positions of the housings 
from being shifted, 

[0036] The support shaft 1 Is Integrally rotatably 
mounted to an output shaft m of the electric motor M via 
a Joint 1 b. The support shaft 1 has its mid portion rotat- 
ably supported by the support-shaft housing H1 via a 
pair of rolling bearings 12. The support-shaft housing 
H1 is screwed in the rack housing H2 for Interconnec- 
tion. 

[0037] The rack shaft 3 is supported by the rack hous- 
ing H2 as allowed for axial linear movement. The rack 
shaft 3 has its opposite ends connected with steerable 
road wheels (not shown) via ball joints 1 6 and is adapted 
to steer the road wheels through the linear movement 
thereof. A right end of the rack shaft 3, as seen in the 
figure, is formed with a rack gear constituting a part of 



the rack and pinion mechanism 9. 
[0038] The second bevel gear 4 is fitted on an outer 
periphery of the rotary element 5 as inhibited from rotat- 
ing relative to the rotary element 5 by means of a key or 
the like. Axes of the second bevel gear 4 and of the first 
bevel gear 2 intersect at right angles, The second bevel 
gear 4 is meshed with the first bevel gear 2 as located 
on the left side of the first bevel gear 2 as seen in the 
figure. 

[0039] The rotary element 5 Is fitted on an outer pe- 
riphery of the rack shaft 3 via a gap therebetween. The 
rotary element 5 has its right end rotatably carried on 
the first housing H2a via a first rolling bearing 1 3 and its 
left end rotatably carried on the second housing H2b via 
a second rolling bearing 14. The rotary element 5 Is 
formed with a step 5a at a portion rearward of the second 
bevel gear 4 such as to inhibit the second bevel gear 4 
from moving away from the first bevel gear 2 (see Fig. 3), 
[0040] The first rolling bearing 13 consists of a ball 
bearing, which serves to retain the rotary element 5 as 
allowing for the axiai movement thereof. The second 
rolling bearing 14 also consists of aball bearing, an inner 
ring of which is defined by the rotary element 5. An outer 
ring 1 4a of the second rolling bearing 1 4 and the second 
housing H2b are allowed for relative axial movement 
Therefore, the rotary element 5 can be moved right- 
wardly by pushing a left side (outer lateral surface) of 
the outer ring 14a Df thB second rolling bearing 14 to- 
ward the first bevel gear 2, the rightward movement ac- 
companied by the movement of the second bevel gear 
4 toward the first bevel gear 2. 

[0041] The ball screw 6 is formed between the rotary 
elements and the rack shaft 3 forconverting the rotation 
of the rotary element 5 to the linear motion of the rack 
shaft 3. 

[0042] The biasing member 7 includes a coned disk 
spring which is interposed between the left side of the 
outer ring 14a of the second rolling bearing 14 and a 
spring seat (biasing member seat) 15 formed at place 
of the second housing H2b as opposing the left side of 
the outer ring via a gap S therebetween (see Fig.3). The 
biasing member 7 is seated In the gap S as resiliency 
contracted by a predetermined amount thereby con- 
stantly biasing the second bevel gear 4 toward the first 
bevel gear 2 via the second rolling bearing 14 and the 
rotary element 5. Such an arrangement for biasing the 
second bevel gear 4 via the second rolling bearing 14 
negates the need for an additional bearing for permitting 
relative rotation between the biasing member 7 and the 
rotary element 5. Accordingly the structure of the sys- 
tem may be simplified. 

[0043] Now referring to Fig. 1, the rack and pinion 
mechanism 9 includes a steering shaft 9a driven Into 
rotation by the handle (not shown), a pinion gear con- 
nected with the steering shaft 9a, and a rack gear 
meshed with the pinion gear and formed on the rack 
shaft 3. The mechanism is associated with the rotation 
of the handle for linearly moving the rack shaft 3. A ro- 
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tational torque of the steering shaft 9a is sensed by a 
torque sensor whereas the electric motor M is driven at 
a power based on the sensed rotational torque for ap- 
plying a steering assist force to the rack shaft a. 
[0044] In the electric power steering system of the . 
above construction, the second bevel gear 4 is resilient- 
ly pressed against the first bevel gear 2 by means of the 
biasing member 7. Therefore, even if the bevel gears 2, 
4 wear away from long-term use, the second bevel gear 
4 along with the rotary element 5 are driven by the bi- 
asing member 7 into movement toward the first bevel 
gear 2 in a manner to follow the wearing away of these 
bevel gears. This ensures a long-term prevention of the 
occurrence of backlash at the meshing engagement ar- 
ea between these bevel gears 2, 4, 
[0045] On the other hand, the housing adjuster 10 
provides adjustment of the relative axial positions of the 
first housing H2a and the second housing H2b, thereby 
accomplishing adjustment of a distance (gap S) be- 
tween the second rolling bearing 1 4 and the spring seat 
15. The gap adjustment provides for adjustment of the 
biasing force that the biasing member 7 applies to the 
second bevel gear 4, During the assembly of the sys- 
tem, therefore, a torque required for forcing the second 
housing H2b into the first housing H2a, for example, 
may be sensed such that the second bevel gear 4 may 
be meshed with the first bevel gear 2 at a proper contact 
pressure. This facilitates the backlash adjustment. 
[0046] Various modifications may be made to the de- 
sign of the electric power steering system according to 
the first aspect of the invention. For instance, the second 
bevsl gear 4 may be axially movably mounted to the ro- 
tary element 5 whereas the biasing member 7 may be 
disposed on the rear side of the second bevel gear 4 for 
directly biasing the second bevel gear 4. The first bevel 
gear 2 and the second bevel gear 4 may have their axes 
diagonally intersecting each other rather than intersect- 
ing at right angles. The power conversion mechanism 
may employ a bearing nut instead of the ball screw 6. 
[0047] Fig.4 is a sectional view showing an electric 
power steering system according to a second aspect of 
the invention. Likewise to the system shown In Fig.1, 
this electric power steering system Includes the housing 
H f the electric motor M mounted to the housing H, the 
support shaft 1 driven Into rotation by the electric motor 
M, the first bevel gear 2 provided at the distal end of the 
support shaft 1 , the rack shaft 3 extended through the 
housing H and linearly moved to steer the umllustrated 
steerable road wheels, the second bevel gear 4 meshed 
with the first bevel gear 2, the rotary element 5 rotatably 
supported by the housing H as enclosing the rack shaft 
3, and the ball screw 6 formed between tfre rotary ele- 
ment 5 and the rack shaft 3. The system further includes 
a retaining member 8 which Is specific to this embodi- 
ment and serves to retain the support shaft 1 . 
[004B] Now also referring to Fig.5, the housing H in- 
cludes the support-shaft housing H1 and the rack hous- 
ing H2 similarly to the system of Fig. 1 . The rack housing 
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H2 is divided Into the first housing H2a and the second 
housing H2b. The first housing H2a and the second 
housing H2b are coupled with each other via the hous- 
ing adjuster 1 0 In a mannerto be adjusted for the relative 
3 axial positions thereof, the housing adjuster 1 0 having 
the same construction as that shown in Fig,1 . in this em- 
bodiment, the first housing M2a and the support-shaft 
housing H1 are formed in one piece. 
[0049] The electric motor M is fixed to the support- 
to shaft housing H1 inamannerthatacasing of the motor 
is fitted in an opening edge H1a of the support-shaft 
houslngH! at an outer periphery M1 of a front end there- 
of. An axis of the output shaft m of the electric motor M 
forms an acute angle with respect to the axis of the rack 
15 shaft 3. 

[0050] The support shaft 1 has its proximal end 1 a in- 
tegrally rotatably mounted to the output shaft m of the 
electric motor M via the joint 1 b. An axis of the support 
shaft 1 is positioned on an extension of the axis of the 

so output shaft m of the electric motor M. The mid portion 
of the support shaft 1 Is rotatably carried by the retaining 
member 8 via a pair of roiling bearings 12, 
[0051] The retaining member 8 is of a cylinder shape, 
an outer periphery of which Is slldably fitted In an inner 

2s periphery of the support-shaft housing HI. A retaining 
member adjuster 1 1 allows Tor relative axial movement 
of the retaining member 8 and the support-shaft housing 
. H1 with respect to an axis of the support shaft 1. The 
retaining member adjuster 11 includes an internal 

so thread 11a formed on an inner periphery at a right end 
of the support-shaft housing Hi, an external thread 11b 
formed on an outer periphery at a right end of the retain- 
ing member a, and a lock nut 11c screwed on the exter- 
nal thread 11b. The relative positions of the support- 

35 shaft housing H1 and the retaining member a with re- 
spect to the axis of the support shaft can be adjusted by 
adjusting the depth In which the external thread 11b is 
screwed in the Internal thread 11a. With the relative po- 
sitions of the support-shaft housing and the retaining 

40 member thus adjusted, the lock nut 1 1 c may be tight- 
ened whereby the housing and the retaining member 
are prevented from being axially displaced relative to 
each other. 

[0052] The second bevel gear 4 is securely fitted on 
45 the outer periphery of the rotary element 5, thus inhibited 
from rotating or axially moving relative to the rotary eh 
emem 5. The axis of the second bevel gear 4 Is aligned 
with the axis of the rack shaft 3, whereas the first bevel 
gear 2 Is meshed with the teeth on the outer periphery 
so of the second bevel gear 4 as allowed to move along its 
axis. 

[0053] The rotary element 5 is fitted on the outer pe- 
riphery of the rack shaft 3 via a gap therebetween. The 
rotary element 5 has its right end rotatably carried on 
55 the first housing H2a via the first rolling bearing 1 3 and 
Its left end rotatably carried on the second housing H2b 
via the second rolling bearing 14. 
[0054] The first rolling bearing 13 consists of a ball 
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bearing, which serves to retain ths rotary element S as 
allowing for the axial movement of the rotary element 5. 
The second rolling bearing 1 4 consists of a bail bearing, 
the outer ring 1 4a of which and the second housing H2b 
are inhibited from axially moving relative to each other. 
Therefore, the rotary element 5 can be moved axially by 
moving the second housing H2b along the axis of the 
rack shaft 3, the axial movement of the rotary element 
5 accompanied by the axial movement of the second 
bevel gear 4. 

[0055] In the electric power steering system of the 
above construction, prior to the mounting of the electric 
motor M to the support-shaft housing H1, the retaining 
member 8 with the lock nut 1 1c of the retaining member 
adjuster 1 1 loosened may be turned for movement along 
the axis of the support shaft 1 thereby moving the sup- 
port shaft 1 and the first bevel gear 2 axially. This pro- 
vides the backlash adjustment for the meshing engage- 
ment area between the bevel gears 2, 4. Accordingly, 
the electric motor M need not be assembled/disass em- 
bled to/from the support-shaft housing Ht over and over 
again and besides, the backlash adjustment Is facilitat- 
ed. 

[0056] If the backlash adjustment requires the first 
bevel gear 2 to be axially moved over a great distance, 
the housing adjuster 1 0 may be used for axially moving 
the second bevel gear 4 along with the second housing 
H2b and the rotary element 5 for adjustment thereby de- 
creasing the movement of the first bevel gear 2 for ad- 
justment. This is effective to prevent the decrease in the 
power transmission efficiency between the first bevel 
gear 2 and the second bevel gear 4 which results from 
the meshing engagement point therebetween shifted far 
away from the predetermined meshing engagement 
point. 

[0057] Fig.6 is a sectional view showing an essential 
part of another embodiment. In this embodiment, only 
the proximal end 1 a of the support shaft 1 is retained by m 
the retaining member a via one of the rolling bearings 
12, whereas the distal end of the support shaft 1 is re- 
tained in a mannerto be movable (inclinable) toward the 
second bevel gear 4 and biased by a biasing member 
25 toward the second bevel gear 4. 
[0058] The retaining member 8 for retaining the prox- 
imal end 1 a of the support shaft 1 is formed of a cylinder 
body having a shorter overall length than the retaining 
member a shown in Fig.S. The rolling bearing 12 Inter* 
posed between the retaining member 8 and the support 
shaft 1 consists of a self-aligning bearing. On the other 
hand, the distal end of the support shaft 1 is rotatably 
retained by a retainer ring 21 via the other rolling bearing 
1 2 which consists of a ball bearing. The retainer ring 21 
Is mounted to the support-shaft housing H1 as allowed 
to move substantially perpendicularly to the axis of the 
support shaft 1 . A gap is defined between an inside cir- 
cumference of an inner ring of this rolling bearing 1 2 and 
the support shaft 1 for permitting the axial movement of 
the support shaft 1 . The proximal end 1a of the support 



shaft 1 is pivotally connected with the output shaft m of 
the electric motor M via a joint 23. The joint 23 Is formed 
of a cylindrical rubber coupling. 
[0059] The above arrangement permits the support 

5 shaft 1 to smoothly pivot about Its proximal end 1a to 
Incline with respect to the axis of the output shaft m. It 
is noted that the inclination of the axis of the support 
shaft 1 relative to the axis of the rolling bearing 12 sup- 
porting the distal end of the support shaft 1 is accom- 

10 modated by radial and thrust clearances of the rolling 
bearing 12. 

[0060] The biasing member 25 consists of a helical 
compression spring, which is interposed between a cap 
22 forced in the support-shaft housing H1 and the re- 

15 tainer ring 21 as resiliently contracted. 

[0061] According to this embodiment, the first bevel 
gear 2 can be resiliently pressed against the second 
bevel gear 4 because the distal end of the support shaft 
1 Is inclinable and is constantly biased toward the eec- 

20 ond bevei gear 4 by the biasing member 25. Hence, 
even if the bevel gears 2, 4 wear away from long-term 
use, the first beval gear 2 can be moved toward the sec- 
ond bevel gear 4 In a mannerto follow the wearing away 
of the bevel gears. As a result, it is ensured over an ex- 

25 tended period of time that the backlash at the meshing 
engagement area between the bevel gears 2,4 is pre- 
vented. 

[0062] It is noted that the electric power steering sys- 
tem according to the second aspect of the Invention is 
90 also applicable to the electric power steering system 
wherein the axes of the first bevel gear 2 and the second 
bevel gear 4 Intersect at right angles rather than at acute 
angles. 

[0063] Fig.7 Is a sectional view showing an electric 

35 power steering system according to a third aspect of the 
invention. Likewise to the system shown in Fig.1, the 
electric power steering system includes tho housing H, 
the electric motor M mounted to the housing H, the sup- 
port shaft 1 driven into rotation by the electric motor M, 

40 the first bevel gear 2 provided at the distal end of the 
support shaft 1 , the rack shaft 3 extended through the 
housing H and linearly moved to steer the unillustrated 
steerable road wheels, the second bevel gear 4 meshed 
with the first bevel gear 2, the rotary element 5 rotatably 

45 supported by the housing H as enclosing the rack shaft 
3, and the ball screw 6 formed between the rotary ele- 
ments and the rack shaft 3. The system further includes 
a biasing member 30 which is specific tD this embodi- 
ment and serves to bias the support shaft 1 toward the 

50 second bevel gear 4. 

[0064] Also referring to Flg.8, the housing H includes 
the support-shaft housing H1 and the rack housing H2 
similarly to that shown in Fig.t . The rack housing H2 is 
divided Into the first housing H2a and the second hous- 

55 mg H2b. The first housing H2a and the second housing 
H2b are coupled with each other via the housing adjust- 
er 1 0 of the same construction as that shown in Fig. 1 in 
a manner to be adjusted for the relative axial positions 
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thereof. 

[0065] The electric motor M Is fixed to the support- 
shaft housing H1 in a manner that the casing of the mo- 
tor is fitted In the opening edge H1 a of the housing H1 
at an outer periphery M1 of the front end thereof. The 
axis of the output shaft m of the electric motor M inter- 
sects the axis of the rack shaft 3 at right angle. 
[0066] The support shaft 1 has its proximal end 1 a in- 
tegrally rotatably mounted to the output shaft m of the 
electric motor M via the joint 1b. The axis of the support 
shaft 1 is positioned on the extension of the axis of the 
output shaft m of the electric motor M. The mid portion 
of the support shaft 1 is rotatably carried by the support- 
shaft housing H1 via a pair of rolling bearings 12. The 
bearing pair 1 2 allow for the axial movement of the sup- 
port shaft 1. 

[0067] A soft metal 20 as a buffer member is Inter- 
posed between the bearing pair 12 and the support- 
shaft housing H1 (see Fig.10). The soft metal 20 in- 
cludes a cylindrical core 20a, outer and inner peripher- 
ies of which are covered with a rubber material 20b {see 
Fig. 11) so that the soft metal Is capable of being elas- 
tically deformed radially. The soft metal 20 Is capable of 
suppressing noises by absorbing vibrations caused by 
the rotation of the support shaft 1 . Furthermore, the soft 
metal is adapted to allow for the inclination and eccen- 
tricity of the support shaft 1 with .respect to the axis of 
the output shaft m of the electric motor M, thereby en- 
suring a smooth rotation of the support shaft 1 . 
[0066] The joint 1 b Is of a cylinder shape. The joint 1 b 
has an inner periphery of its upper portion press-fitted 
on the output shaft m of the electric motor M, while fit- 
tedly receiving the proximal end 1 a of the support shaft 
1 in the inner periphery of its lower portion via a serration 
in a manner to allow for the axial movement of the sup- 
port shaft. 

[0069] Within the joint 1b, a predetermined gap S is 
defined between an end surface of the output shaft mof 
the electric motor M and an end surface of the proximal 
end 1a of the support shaft 1 . The biasing member 30 
Is disposed In the gap S (see Fig.9). The biasing mem- 
ber 30 consists of a helical compression spring which is 
interposed between the end surface of the output shaft 
m of the electric motor M and the end surface of the prox- 
imal end 1 a of the support shaft 1 in a manner to be 
resiliency contracted. Hence, the support shaft 1 along 
with the first bevel gear 2 are constantly biased toward 
the second bevel gear 4 by means of the biasing mem- 
ber 30. Since the biasing member 30 Is Interposed be- 
tween the support shaft 1 and the output shaft m, it is 
easy to mountthe biasing member 30. More specifically, 
if one end of the biasing member 30 is received by a 
stationary part such as the support-shaft housing H1 , a 
thrust bearing is required for permitting the relative ro- 
tation between the received end of the biasing member 
and the stationary part so that the structure of the sys- 
tem is more complicated. In contrast, the biasing mem- 
ber 30 interposed between the support shaft 1 and the 



output shaft m as rotating parts obviates the necessity 
for the thrust beari ng, so that the structure of the system 
Is simplified. 

[0070] The second bevel gear 4 is securely fitted on 

3 the outerperiphery of the rotary element5, thus inhibited 
from rotating or axiaily moving relative to the rotary el- 
ement S. The axis of the second bevel gear 4 is aligned 
with the axis of the rack shaft 3, whereas the first bevel 
gear 2 is meshed with the teeth of the second bevel gear 

10 4 as allowed to move along its axis. 

[0071] The rotary element 5 is fitted on the outer pe- 
riphery of the rack shaft 3 via a gap therebetween. The 
rotary element 5 has its right end rotatably carried on 
the first housing H2a via the first rolling bearing 1 3 and 

« Its left end rotatably carried on the second housing H2b 
via the second rolling bearing 14. 
[0072] The first rolling bearing 13 consists of a bail 
bearing, which serves to retain the rotary element 5 as 
allowing for the axial movement of the rotary element 5. 

so The second rolling bearing 14 also consists of a ball 
bearing, an inner ring of which is defined by the rotary 
elements. The outer ring 14a of the second rolling bear- 
ing 14 and the second housing H2b are Inhibited from 
axiaily moving relative to each other. Therefore, the sec- 

25 ond housing H2b may be moved axiaily of the rack shaft 
3 thereby bringing the rotary element 5 into axial move- 
ment, which is accompanied by the axial movement of 
the second bevel gear 4. 

[0073] In the electric power steering system of the 
30 above construction, the first bevel gear 2 can be con- 
stantly pressed against the second bevel gear 4 be- 
cause the support Shaft 1 is biased by the biasing mem- 
ber 30 ae allowed to move toward the second bevel gear 
4. Hence, the backlash adjustment for the meshing en- 
35 ' gagement area between the bevel gears 2, 4 is auto- 
matically accomplished when the system is assembled, 
This essentially negates the need for the backlash ad- 
justment. However, there may be a case where the 
amount of movement for backlash adjustment is so 
40 great relative to some assembly precisions that there 
may arise a need for performing shimming in parallel. In 
• this case, the backlash adjustment may be accom- 
plished by rough shimming and hence, the backlash ad- 
justment is facilitated. 
45 [0074] Where the first bevel gear 2 is to be moved to- 
ward the second bevel gear 4 over a great distance in 
order to eliminate the backlash, the amount of move- 
ment of the first bevel gear 2 may be decreased by ax- 
iaily moving the second bevel gear 4 along with the sec- 
50 ond housing H2b and the rotary element 5 for adjust- 
ment by means of the housing adjuster 10. This is ef- 
fective to prevent the decrease in the power transmis- 
sion efficiency between the first bevel gear 2 and the 
second bevel gear 4 which results from the meshing en- 
55 gagement point therebetween shifted far away from the 
predetermined meshing engagement point. 
[0075] Various modifications may be made to the de- 
sign of the electric power steering system according to 
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the third aspect of the invention. For instance, the soft 
metal 20 as the buffer member may be replaced by a 
rubber sleeve. The buffer member may be interposed 
between the support shaft 1 and the railing bearings 1 2. 
[0076] It is noted that the third aspect of the invention 
Is applicable to the electric power steering system of the 
type wherein the first bevel gear 2 and the second bevel 
gear 4 have their axes intersecting each other at acute 
angles rather than at right angles. 



Claims 

1 . An electric power steering system comprising; 

a first bevel gear driven into rotation by an elec- 
tric motor; 

a second bevel gear meshed with the ff rat bevel 
gear with their axes intersecting each other and 
allowed to move toward the first bevel gear; 
a biasing member for biasing the second bevel 
gear toward the first bevel gear; 
a rack shaft linearly moved thereby steering 
steerable road.wheels; 

a rotary element rotatably supported by a rack 
housing via a rolling bearing as enclosing the 
rack shaft and operating to transmit the rotation 
of the electric motor via the first bevel gear and 
the second bevel gear; and 
a power conversion mechanism formed be- 
tween the rotary element and the rack shaft for 
converting the rotary motion of the rotary ele- 
ment to the linear motion of the rack shaft. 

2. The electric power steering system as claimed in 
Claim 1 , wherein the biasing member is interposed 
between an outer lateral surface of an Outer ring of 
the roiling bearing and a biasing member seat of the 
housing opposite from the outer Lateral surface, 
thereby moving the second bevel gear toward the 
first bevel gear in conjunction with the rotary ele- 
ment 

3. The electric power steering system as claimed in 
Claim 2, wherein the rack housing comprises a first 
housing for supporting one end of the rotary ele- 
ment as allowing for the relative axial movement 
thereof, and a second housing for supporting the 
other end of the rotary element as inhibiting the rel- 
ative axial movement thereof, and 

wherein a housing adjuster provides for ad- 
justment of the relative axial positions of the first 
housing and the second housing with respect to the 
rack shaft. 

4. An electric power steering system comprising; 

a support shaft Integrally rotatably connected 
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with an output shaft of an electric motor; 

a first bevel gear provided at a distal end of the 

support shaft; 

a support-shaft housing accommodating the 
s support shaft and the first bevel gear; 

a rack shaft linearly moved thereby steering 
steerable road wheels; 

a rack housing for supporting the rack shaft as 
allowing for the linear movement thereof; 

10 a second bevel gear meshed with the first bevel 

gear with their axes Intersecting each other; 
a rotary element rotatably supported by the 
rack housing as enclosing the rack shaft and 
Operating to transmit the rotation of the electric 

is motor via the first bevel gear and the second 

bevel gear; 

a power conversion mechanism formed be- 
tween the rotary element and the rack shaft for 
converting the rotary motion of the rotary ele- 

2Q ment to the linear motion of the rack shaft; 

a retaining member mounted to the support- 
shaft housing as allowed to move axially of the 
support shaft for rotatably retaining the support 
shaft via a bearing; and 

26 a retaining member adjuster for adjustment of 

the position of the retaining member relative to 
the support-shaft housing with respect to an ax- 
ial direction of the support shaft. 

30 5. The electric power steering system as claimed in 
Claim 4, wherein a proximal end portion of the sup- 
port shaft is retained by the retaining member via 
the bearing, whereas a distal end portion of the sup- 
port shaft Is retained in a manner to be movable to- 
35 ward the second bevel gear and is biased toward 
the second bevel gear by a biasing member. 

6. The electric power steering system as claimed in 
Claim 5, further comprising a joint for pivotaliy con- 

40 necting the proximai end portion of the support shaft 
with the output shaft of the electric motor. 

7. The electric power steering system as' claimed In 
Claim 4 r wherein the rack housing comprises a first 

45 housing for supporting one end of the rotary ele- 
ment as allowing for the relative axial movement 
thereof, and a second housing for supporting the 
other end of the rotary element as inhibiting the rel- 
ative axial movement thereof, and 

30 wherein a housing adjuster provides for ad- 

justment of the relative axial positions of the first 
housing and the second housing with respect to the 
rack shaft 

55 a. An electric power steering system comprising: 

a support shaft integrally rotatably connected 
with an output shaft of an electric motor; 
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a first bevel gear provided at a distal end of the 
support shaft; 

a second bevel gear meshed with the first bevel 
gear with their axed Intersecting each other; 
a rack shaft linearly moved thereby steering * 
steerable road wheels; 

a rotary element rotatably supported by the 
rack housing as enclosing the rack shaft and 
operating to transmit the rotation of the electric 
motor via the first bevel gear and the second 10 
bevel gear; and ' 

a power conversion mechanism formed be- 
tween the rotary element and the rack shaft for 
converting the rotary motion of the rotary ele- 
ment to the linear motion of the rack shaft; 15 

wherein the support shaft is allowed to move 
toward the second bevel gear and is biased toward 
the second bevel gear by a biasing member. 



The electric power steering system as claimed In 
Claim 8, wherein the biasing member Is Interposed 
between the support shaft and the output shaft of 
the electric motor. 
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10. The electric power steering system as claimed In 
Claim 8, wherein an elastlcally defortnable buffer 
member is interposed between the support shaft 
and a support-shaft housing supporting the support 
shaft. 30 

11. The electric power steering system as claimed in 
Claim 8, wherein the rack housing comprises a first 
housing for supporting one end of the rotary ele- 
ment as allowing for the relative axial movement 
thereof, and a second housing for supporting the 
other end of the rotary element as inhibiting the rel- 
ative axial movement thereof, and 

wherein a housing adjuster provides for ad- 
justment of the relative axial positions of the first 
housing and the second housing with respect to the 
rack shaft. 
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